ing the spectrum of carbon monmude for the Standard Reference Data Series. Since that time an extensive investigation of the CO absorption spectrum in the vacuum ultraviolet region between 1060 and 1900 A has been completed. The purpose of this ath" i" thrAAfolCl, (1) to snmm"ri7.A the new information obtained from the absorption spectrum since Krupenie's review, (2) to collect the vibrational and rotational constants derived from the new data and analyses, and (3) to present the complete observed absorption spectrum in the format of an identification atlas.
Summary of New Results
Twenty-three bands of the fourth positive system, A IIl-X II+, which is the dominant feature of the "peetrum, have been analyzed [2] . The highest observed vibrational level of the A I Il state, v = 23, lies above the accepted dissociation limit at 89595 cm-I and therefore indicates that the A III state must have a small potential maximum. Detailed assignments of the numerous perturbations in the A III state, for the l-values accessible in absorption, have been summarized in table 5 of reference [2] . Many of these assignments disagree with those made by earlier workers as tabulated in table 54 by Krupenie [1] . An S-branch has been observed in the 4-0 fourth positive band [3] . This forbidden branch, which has the selection rule_oM = + 2, canQnharise asanelectricqlladrupole transition. The intensity of the S-branch is approximately 10-5 that of the electric-dipole allowed R-branch, which is in order of magnitude agreement with the expected ratio for the two transition probabilities.
The I I~:state, which had previously been characterized by mutual perturbations with the A III state, has now been observed directly in the forbidden I II--X II+ transition [4, 5] . This transition is rigorously forbidden as dipole radiation at zero rotation, but can occur for higher rotational levels because of Coriolis interaction between the III-and A III states. The bands consist of a single Q-branch in which the lowest l-lines are either missing or very weak. Small "vibrational" perturbations in the I state have been noted which are probably caused by interactions with the a 3Il state.
The D l~ state has been characterized from three weak bands of the forbidden D IA,_X II+ transition [5, 6] . The observed band structure indicates that the intensity of this transition results primarily from Coriolis mixing of the D I ~ state with presumably the A III state, and no appreciable intensity can be attributed to an electric quadrupole contribution.
The rotational analyses of 13 bands of the forbidden d3~i-X II+ transition have been reported [7] . The intensity distribution in the rotational structure of the three subbands, illustrated by a photograph of the 4-0 band in figure 1 of reference 7, is in conformity with the assumption that the transition occurs because of interaction between the d3~i and A III states. The vibrational analysis differs considerably from that reported earlier [8] from a low resolution absorption spectrum.
In addition to the bands analyzed by Herzberg and Hugo [9] for the forbidden a' 3I+-X II+ and e 3~:-_X 1::£+ transitions, the analyses of several new a'-X and e-X bands have been reported [5] J. Phys. Chem. Ref. Data, Vol. 1, No. 1, 197~ since Krupenie's review. The observation of a new e-X band on the long wavelength side of the earlier observations. in addition to the analyses of e-X isotopic bands, indicated that the vibrational numbering of the e state should be increased by one unit-Isotopic bands of the a'-X ;;y;;tAm WAre "Iso analyzed which confirmed the vibrational numbering of the a' state.
Krupenie [1] pointed out the need for further experimental work to determine whether the upp(,lr state of the two emission bands at 2670 and 2980 A, tentatively associated with the f 3I +-a 3Il transition, should be interpreted in terms of a separate electronic state, f 3I+, or interpreted in terms of high vibrational levels of the a' 3I+ state. Arguments have been presented in the reexamination of the a'-X system which favor the latter interpretation, a" originally plOpu~eJ in Jetail by Stepanuv [10] , although the vibrational levels observed in the emission bands were not observed directly in the absorption spectrum.
Rotational analyses of the 0-0 and 1-0 bands of the allowed B II+-X II+ and C II+-X II+ systems for both 12Cl60 and 13C I6 0 isotopic species ha~e been reported [11] . The resolved band at 1099.0 A, previously identified as the 2-0 band of the B-X system, and an additional band at 1073.5 A have been attributed to a new transition designated j3I+-X II+ [11] .
The c state, previously interpreted as a 3I+ state, has been reexamined from the c-a3Ilemission sys tern [12] as well as from the previously unobserved c-X II+ absorption system [13] . A Q-branch was observed in the c-X transition and A-doubling was observed in the $2-amd N3-branches of the c-a transition. Both of these observations are inconsistent with a 3::£ + assignment and lead to the con elusion that the c state should be assigned as 3Il. The c 3 Il state exhibits negligible spin splitting but appreciable A-doubling.
The Q-branch l-numbering in the E IIl-X II+ transition [14] reported earlier was based on the aSBumption that the A-doubling was minimal.
Since appreciable A-doubling was observed in the c 3 Il state of the same electronic configuration, the above assumption is probably incorrect and the Q-branch numbering may be in error by as much as two or three units. Table 1 lists the transitions observed in absorption and the references to recent analyses from which the data summarized in this atlas were taken.
Vibrational and Rotational Data
and Derived Spectroscopic Constants Tables 2 to 22 give the vibrational and rotational data and the derived spectroscopic constants for each of the excited electronic states of the transitions observed in the absorption spectrum. The Bv-values and band origins given in the tables must be considered "effective" spectroscopic constants, since no attempt was made to obtain completely deperturbed data from a systematic quantitative analysis of the interactions among the various states. Only the effect5 of 5trong local pcrturbation::s have been taken into account.
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The vibrational and rotational constants were obtained from least squares fits of the observed data to expressions of the following form:
+Yt,al(v+i)n and
where nand m are labels on the coefficients to indicate the order 'of the power series in (v+t) used to fit the observed band origins P,,-o and rotational constants B", respectively. TeO is the energy separation between the v=O, J=O energy level of the ground electronic state, X l~:+, and the minimum of the potential energy curve of the excited electronic state. Te is obtained by adding the zero-point energy of the X l~:+ state to TeO.
Traditionally, spectroscopic constants would be determined from the empirical fit of all the observed data to the above expressions. The coefficients obtained would be the Dunham [15] coefficients and the equilibrium constants Be, We, etc. would be obtained by applying the Dunham corrections to these coefficients. Since the Dunham corrections for a molecule like CO are very small, one would normally set the first few Dunham coefficients ~pproximately . equal to the equilibrium constants (for example,B;-~Yol} ' We have not followed the traditional procedure here for some of the states in CO for reasons dis" cussed now. For five of the electronic states included in this survey, viz A Ill, I l~:-, a' 3l+, e 3 l-, and d 311;, the observed data extend over such a large portion of the potential energy curve that relatively high-order expressions are required to fit the data. The coefficients of the high-order expressions, however, vary considerably as a function of both the order of the expression used and the number of data points included in the fit. Therefore, the first few coefficients Of a particular high-order least squares fit including all the observed data do not necessarily represent the best values for the equilibrium constants.
The best equilibrium constants can be determined by fitting the observed data for the lower vibrationallevels to relatively low order expressions. The disadvantage of quoting only these values for the spectroscopic constants is that they do not accurately reproduce the observed data for the higher vibrational levels.
We have chosen here to report two sets of constants for the states mentioned above: (1) A highorder set of coefficients. which taken as a set. reproduce the data over the entire observed range, and which further (a) predict rather accurately any missing data points within the range of observed data, even at high vibrational levels, and (b) give a smoothed polynomial for all the observed data from which potential curves and subsequently Franck-Condon factors can be calculated, and (2) A loworder set of coefficients which are individually meaningful within stated error limits and which best correspond to the traditional equilibrium spectroscopic constants.
The set of equilibrium constants were determiried in the following way. First, the coefficients were obtained for two or more low orders as a function of the number of data points included in the fit. For example, the B,,-values of the A III state were fit to expressions of 2d and 3d orders. For each order the least squares fit is performed repeatedly, successively excluding the highest-v Bv-value of the previous fit until the number of Bv-values in-Cluded is just greater than the number of coefficients in the expression. Then the values of a particular coefficient, for example Y01 , are plotted against the number of vibrational levels included in the fits for the two orders. Such a graph is illustrated in figure J.2 The error bars indicated on the plotted values are one standard deviation as given by the NBS least-squares subroutine ORTHO_ The quoted value for the equilibrium constant is then determined visually from the graph and the size of. the error limits chosen to el!close most of the values in the stable range of the coefficient. Therefore the value quoted is relatively independent of the order of the expression and the number of data points included in the fits.
The set of high order coefficients are those obtained from a single least squares fit of the observed data to expressions of the particular order indicated by the superscript of the coefficients. The limits given in the tables for these coefficients are one standard deviation.
The values of the individual coefficients, particularly those of the higher terms, are very much dependent on the order of the expression and the number of data points included in-the fit. For-thisreason the individual coefficients are rather meaningless, but the set taken as a whole is significant to the extent that it gives a smoothed polynomial which accurately represents the data over the entire observed range. These polynomials are very useful for interpolation, but it would be very dangerous to extrapolate them outside the observed range.
The estimated error limits for the vibrational and rotational data of the D l l1, B'l+, 01+, j31+, c'll and E'II I;Latel; are given in the footnotes of the appropriate tables. Since only one or two vibrational levels have been observed for these states, the vibrational and rotational constants were determined fwm the comLiuetI tIata fUl· lhe "e'so antI l3CJ 6 0 isotopes when possible. However, the constants for these states are relatively poor compared to those of the five states for which extensive data are available. 
Identification Atlas
The spectrum of CO has recently been shown to be a very important feature in solar, planetary and interstellar observations by rocket and satellite experiments which extend the wavelength coverage into the vacuum-ultraviolet region. The strong ! Figures I through 3 follow at the end of the text. 150 S. G. TILFORD AND J. D. SIMMONS allowed band systems of CO are also persistent impurity spectra in laboratory experiments in this wavelength region. Therefore this atlas is designed especially to be used as a convenient identification tool.
Tables 23 to 26 give line lists arranged by wavelength for the ob~erved rotational line~ 'of the allowed electronic transitions. Tables of the observed lines arranged according to vibrational bands and given in wave numbers can be found in lhe original papers for these transitions (see table 1 ). spectrum of CO in the vacuum ultraviolet region, J.
Chern. Phys. 26, 862 (1957) .
Herzberg, G. and Hugo, T. J .• Forbidden transitions in diatomic molecules: IV. The a' aI+ +-X 'I+ and e 'l;-..... X ,~+ .. bsurjJliull b .. nds of CO, Can. J. Phys. 3.3,757 (19551.
Stepanov, B. 1., On the interaction of the level b"! with the high vibrational levels of the triple state a' 3I in the molecule CO, J. Phys. USSR 2, 205 (1940) . Tilford, S. G., and Vanderslice, J. T., High resolution vacuum ultraviolet absorption spectra of the Bt!+-X'I+, C'I+-X'I+, andj"!+-X'I+ transitions in carbon monoxide, J. MoL Spectry. 26, 419 (1968) .
. Ginter\ M. L., and Tilford. S. G .. Reanalysis of the "3An banas of CO: The c 3 ll ... a 3 ll transition, J. Mol. Spectry. 31, 292 (1969) . Tilford, S. G., Evidence for the reclassification of the upper state of the 3A bands in the spectrum of CO:
Th" ,,3n +-X'I,+ transition. J. Chern. Phy •. 50 3126 (1969) . '
Tilford, S. G., Vanderslice, J. T., and Wilkinson, P. G.,
High resolution vacuum ultraviolet absorption spectrum
of the E'll <-X'!+ transition in CO, Can. J. Phys. 43, 450 (1965 Spectra from 1900 to 1500 It were photographed in the 3d order, from 1500 to 1200 A in the 4th order. and from 12]0 to 1060 A in the 5th order. The reciprocal plate dispersion TUford [13] (see also Ginter and Tilford (12) for analysis of c sTI-a "TI 
a Note that two sets of rotational and ·vibrational constants are given in the table. See section 2 of the text, Vibrational and Rotational Data and Derived Spectroscopic Constants, for a discussion of the method of determinations, limitations and applications of the two sets. The superscripts on the Y's are labels to indicate the order of the least squares polynomial fit from which the Y's are determined.
The error limits on the high order coefficients are one standard deviation as given by the NBS least squares subroutine ORTHO. The method for determining the uncertainties on the equilibrium constants is described in the text.
b Theoretical value calculated from Dunham's expression (Herzberg [15] ). c l."l,,,,laterl from Physical Constants recommended by NAS-NRC (Cohen and Dumond [17] ).
d Teo corresponds to the energy difference between the v"= 0 level of X I I + and the minimum of the potential curve of the Al II state. 1' •. has the usual·spectroscopic connotation, i.e., it.corresponds-to-the.energydifference between the minima. of both X 'I+_and A III potential curves. 5)). 
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f!11= (7.2205± 7.1937) X 10-7 em-I Y\rl= (-9.4737±8 .6378)X 10-0 cm-1 Be""Yl:.f>=
(c)e""YlW= 1227.8 ' ± 1.1 em-I -X(C)e ""YlW)= -10.22 ± 0.38 em-I D= b 6.0X 10-6 em-I Be'"" Yo. = " 1.889 em-I -"'e "" Yll "" -0.020 cm-'
We"" Y •• = • 2196 cm-' 
